INTRODUCTION
============

Colonoscopy is widely used not only for the diagnosis, but also for the treatment of colorectal disease. A competent colonoscopist can accurately and safely inspect the entire colon and rectum to facilitate diagnosis of colorectal diseases. A welltrained colonoscopist should be able to find lesions without missing them and treat them without complications \[[@B1]\].

Systematic colonoscopy training programs can maximize the capacity of trainees to learn colonoscopy skills, and these training programs can be of great help in obtaining the objective data needed for colonoscopy competency \[[@B2]\]. Competency of colonoscopy can be verified by various factors, such as the time of intubation, minimization of patient discomfort, appropriate sedative use, adenoma detection rate, and polyp retrieval rate, but the cecal intubation rate (CIR) is still an important variable for evaluating one\'s colonoscopy ability \[[@B3][@B4]\]. Because not all colonoscopies can reach to the cecum due to patient discomfort, poor bowel preparation, diverticular disease and strictures, the Joint Advisory Group on Gastrointestinal Endoscopy in the United Kingdom proposed a target CIR of 90% \[[@B5]\].

Because of the importance of colonoscopy in the diagnosis and treatment of colorectal disease, it is an essential skill that colorectal surgeons must learn. However, only a few studies have been reported about the training program for colonoscopy, especially for the colorectal surgical fellows, in Korea. Thus, this study aimed to assess the colonoscopy learning curves for colorectal surgery fellows obtained during a colonoscopy training program. Given the importance of CIR in assessing competency, this study focused on CIR.

METHODS
=======

Since 2003, National Cancer Center (NCC) Korea has conducted the colonoscopy training program for surgical fellows, called the Colonoscopy Academy of NCC (CAN). The CAN is a 1-year course, including 7 steps ([Table 1](#T1){ref-type="table"}). Between May 2004 and December 2016, 60 surgical fellows joined the CAN as trainees and performed a total of 43,784 cases of colonoscopy. Among these, 6 trainees and their data were excluded from the analysis of this study; these trainees had experience with performing more than 50 colonoscopies before participating in our training program, or they discontinued our training program with experience performing less than 300 colonoscopies. After exclusion, this study included 54 trainees with a total of 39,539 cases of colonoscopy. The prospectively collected CAN database was reviewed retrospectively, and this study was confirmed to be exempt from review by the Institutional Review Board of National Cancer Center Korea (NCC2018-0009).

Electronic recording of CAN training
------------------------------------

During the course, the trainees were required to complete the e-form records for all the cases performed by them. The e-form records include the following information: name of trainee and trainer, date of the procedure, sex and age of the anonymized patient, aim of colonoscopic test, status of bowel preparation, history of abdominal surgery, history of anticoagulant medication, therapeutic procedures, reached colonic site and spent time (if the reached colonic site is cecum, it means that the trainee succeeded in cecal intubation without relief), colon pattern, colonic site for relief, reason for relief, total time spent, and number of polyps. All the records completed by trainees are stored in the CAN database.

Statistical analyses
--------------------

The relationships between the CIR, cecal intubation time (CIT), and number of colonoscopies were evaluated, and the number of colonoscopies required to achieve CIR ≥ 90% was calculated using the moving average and the learning curve cumulative sum methods.

### Moving average analysis

The mean CIR was calculated using 20 procedural blocks for each trainee \[[@B6]\]. The mean CIR for all trainees was calculated and plotted against the number of procedures performed. If the moving average CIR exceeded 90%, a trainee was considered competent with colonoscopy in this study.

For reference, we used the following symbols and formula to calculate the moving average. $${MA}_{tn} = \frac{\sum_{i = 0}^{n - 1}P_{t - 1}}{n},$$

where *P~t~* denotes the latest outcome at the date t and *MA~tn~* denotes the n days moving average at the date t.

In addition, we tested the success rate difference between the 2 groups, trainees who experienced 400 cases under 6 months versus those who experienced 400 cases over 6 months. First, we checked preassumptions of the variable proportion. The variable proportion met the equality of variance (P = 0.713), but it did not meet the assumption of normality (in the Kolmogorov-Smirnov test, the P-value was \<0.01). Thus, we had to use the nonparametric method, the Wilcoxon rank-sum test. In this test, we set the statistical hypothesis as follows:

where p1 is the success rate of trainees under 6 months and p2 is the success rate of trainees over 6 months.

### Learning curve cumulative sum analysis

Cumulative sum analysis (Cusum) is a technique used for monitoring the result by graphing the change of the dichotomy results, such as the error or failure rate. Unlike other Cusum techniques, the learning curve cumulative sum (LC-Cusum) is designed for the learning and training of techniques. The LC-Cusum assumes that the process is still a learning phase in the case of the null hypothesis (H~0~), whereas the alternative hypothesis (H~1~) assumes that the process is in competent phase. At the moment when LC-Cusum exceeds the defined threshold (h), H~0~ is rejected in favor of H~1~ because there is ample evidence to indicate that the procedure has been learned. If LC-Cusum does not exceed the threshold, competence is not yet proven, and monitoring should continue \[[@B3][@B7]\].

For reference, we used the following symbols and formula to calculate the Cusum score and arrive at the learning curve.

where s is the downward decrement with each success on a Cusum plot, while the upward increment with each failure is 1-s

where p0 is an acceptable failure rate, and p1 is an unacceptable failure rate.

We also denote the boundary h0 and h1 as shown in the equation given below:

where a = ln\[(1-β)/α\] and b = ln\[(1-α)/β\]; α is a type 1 error, and β is a type 2 error.

RESULTS
=======

Overall, the CIR by the trainees was 80.7% (31,890 of 39,539). The median number of cases of colonoscopy performed during the training period of each trainee was 696 (range, 322--1,669). The mean age of the patients was 54.4 ± 11.3 years. Subjects included 23,039 men (58.3%) and 16,500 women (41.7%).

Analysis of the CIR
-------------------

The mean CIR using the moving average method was compared to the number of colonoscopies for all trainees ([Fig. 1](#F1){ref-type="fig"}). The mean CIRs were 57.0%, 75.2%, and 84.1% after 100, 200, and 300 procedures, respectively. The mean CIR reached 90% of the standard at 412 colonoscopies. The median number of procedures by which the trainee group reached competency was 493 for CIR of 90% using LC-Cusum. The numbers of required procedures for CIR of 80% and 85% were 350 and 408, respectively ([Fig. 2](#F2){ref-type="fig"}).

In addition, in the 2-sided Wilcoxon two-sample test, the P-value was 0.249 when we analyzed the difference in the success rate between the two groups, trainees who experienced 400 cases under 6 months versus those who experienced 400 cases over 6 months. We also had to accept hypothesis H~0~. Therefore, we concluded that the success rate of trainees who experienced 400 cases under 6 months versus those who experienced 400 cases over 6 months was not different.

Analysis of the CIT
-------------------

The mean CIT was 8.80 ± 2.09 minutes. The CIT continuously decreased until 400 successful cases, where the median CIT was 8.2 minutes from the initial 10.5 minutes ([Fig. 3](#F3){ref-type="fig"}). The CIT continuously improved at 10.1, 8.9, and 8.8 minutes for every 100 consecutive blocks. There was an inverse correlation between the CIT and success rate. The time to cecal intubation continued to improve as the number of cases increased.

DISCUSSION
==========

In this study, we showed that a mean CIR of 90% by trainees was reached at 412 colonoscopies, as calculated using moving average analysis. Trainees were found to be competent after 493 colonoscopies using the LC-Cusum method, while 350 and 408 colonoscopies were required for CIRs of 80% and 85%, respectively. The number of cases that reached the learning curve was slightly higher in this study than those of other studies. The time to cecal intubation, analyzed using the moving average method, decreased and was found to improve continuously as the number of cases increased. This is the first study to report about a colonoscopy training program and the resulting achievement of colonoscopy competence by colorectal surgeons in Korea.

A lot of training and experience is required to perform colonoscopy optimally. It is not always possible for an expert to reach the cecum \[[@B3]\]. Competency must be determined on an objective basis. Therefore, the United States Multi-Society Task Force on Colorectal Cancer recommended 2 simple, continuous quality improvement goals when performing colonoscopy: (1) CIRs of \>90% in all colonoscopies and \>95% in screening colonoscopies, and (2) photographic documentation for cecal intubation and visualized landmarks \[[@B2]\]. However, there is a large difference between the results of other studies on the recommended minimum number of procedures before evaluating competency \[[@B8][@B9][@B10]\]. Previous studies have reported a requirement of at least 150--400 procedures to achieve competency for colonoscopic procedures \[[@B1][@B11][@B12]\], which is less than the number of procedures determined in our study. These differences could be explained as follows: first, there may not be strict indications for being relieved by the supervisors. Most of the previous studies allowed 20 or 30 minutes for the trainee to perform colonoscopy, and some studies had no time limits; however, this study allowed only 10 minutes to perform colonoscopy. Second, subjects were limited to colorectal surgeons in this study, while other studies focused on gastrointestinal fellows accustomed to manipulating the scope because they simultaneously performed gastroscopy during their training sessions.

Colonoscopy is a complex technique that requires proper training and experience to ensure that it is performed accurately and safely. Colorectal surgeons are involved in every step of colorectal disease from diagnosis to treatment, and consequently, colonoscopy is one of the essential skills that colorectal surgeons should learn. The surgeon\'s proficiency in colonoscopy has several advantages. It is the surgeon who is an expert in intra-abdominal anatomy, and therefore, it is safer to perform diagnostic, postoperative follow-up and therapeutic endoscopy. Additionally, it will be easier to manage severe complications such as bowel perforation.

To date, previous studies have been conducted in various endoscopic training situations in multiple centers, and data heterogeneity may exist. However, our data were collected at a single center. CAN was founded in 2003 to build the colonoscopy expertise of colorectal surgeons. Therefore, our colonoscopy training systems reflect the colonoscopy learning curves of colorectal surgery trainees in a general hospital. Most reports have indicated that CIRs above 90% are a goal of colonoscopy training programs because experienced colonoscopists consistently achieve CIRs above 90% \[[@B13][@B14]\]. Therefore, we focused on a target CIR of 90% as an indicator of competency of colonoscopy in this study. CIT is another important parameter. Prolonged intubation during colonoscopy can cause discomfort to the patient and reduce the colonoscopist\'s concentration. Therefore, we used 2 objective criteria, the CIR (\>90%) and CIT (≤10 minutes), as indicators of competence in colonoscopy training \[[@B1]\]. In the present study, CIT decreased from an initial 10.5 minutes to a final 8.2 minutes at the 400th successful case. There is a possibility that the mean CIT could be underestimated because we did not count cases in which the cecum could not be reached.

Colonoscopy training requires clinical experience with patients, and this must be done within the basic ethical principles that minimize patient inconvenience. It is natural that trainee skills will improve through accumulating cases over a long period. Because the colonoscopy training programs for surgeons have not yet been established and there is limited research on how long it is necessary to undergo training, it is necessary to establish an education program that enables effective colonoscopy training within a short period, and efforts should be made to develop a simulation device that minimizes the patient\'s discomfort.

Although the CIR or CIT is commonly used as a measure of actual competence at colonoscopy, other quality indicators including the adenoma detection rate, polyp detection rate, and procedure-related complications should be included to assess technical competence. However, because of the limitations of data collection in our study, we could not include quality indicators including the adenoma detection rate in the analysis of trainees\' technical competence. This is one of the limitations of our study. Further research studies are needed in this regard.

Previous studies have shown that insertion of a colonoscope in women is more difficult than in men \[[@B15][@B16][@B17]\]. This difference of difficulty is also known to be present in abdominal surgery and in patients with a low body mass index, old age, and poor bowel preparation \[[@B18][@B19]\]. However, our study has limitations in using these indicators together for analysis. The colonoscopies analyzed in this study included those for screening and surveillance after colorectal resection. Since the history of abdominal surgery including colorectal resection can have an effect on colonoscopy insertion, additional analysis may be needed to confirm this effect. However, despite the presence of a history of abdominal surgery in approximately 55% of our patients, we were unable to perform additional analysis related to abdominal surgery because details of the operation\'s name and patients\' medical history were not recorded in our database. A further study is required to include these parameters in the evaluation of training programs.

In conclusion, this is the first study in Korea investigating the number of procedures required to achieve competency in colonoscopy performed by the colorectal surgeon. Two statistical methods, moving average and LC-Cusum, showed that a mean CIR reached 90% after 412 and 493 procedures, respectively. We found that more than 400 cases of experience were needed for the technical competence of colonoscopy. Continuous teaching and monitoring is required until trainees become sufficiently competent.
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![Colonoscopy learning curve obtained using the moving average. The mean cecal intubation rate reached the standard of 90% in 412 colonoscopies. CI, confidence interval.](astr-95-169-g001){#F1}

![Colonoscopy learning curve for 90% of the CIR (h~0~) obtained using the Cusum analysis. The median number of procedures for the group of competent trainees to reach competency is 493 for a CIR of 90%. The numbers of required procedures are 350 and 408 for CIRs of 80% and 85%, respectively. Cusum, cumulative sum; CIR, cecal intubation rate.](astr-95-169-g002){#F2}

![Mean CIT for successful cases of colonoscopy among all trainees. The CIT decreased continuously until 400 successful cases, where median the CIT is 8.2 minutes from the initial 10.5 minutes. CIT, cecal intubation time.](astr-95-169-g003){#F3}

###### Seven steps of the Colonoscopy Academy of National Cancer Center course
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CIR, cecal intubation rate; EMR, endoscopic mucosal resection; CAN, Colonoscopy Academy of National Cancer Center.

All procedures that the trainees perform during this step are observed individually by the trainers.
